Background In the preoperative evaluation for gastric cancer, high-resolution endoscopic technologies allow us to detect small accessory lesions. However, it is not known if the gastric remnant after partial gastrectomy for synchronous multiple gastric cancers has a greater risk for metachronous cancer. The purpose of this study was to determine the incidence of metachronous cancer in this patient subset compared with that after solitary cancer surgery. Methods Data on a consecutive series of 1,281 patients gastrectomized for early gastric cancer from 1991 to 2007 were analyzed retrospectively. The 715 gastric remnants after distal gastrectomy were periodically surveyed by endoscopic examination in Shikoku Cancer Center. Among those surveyed cases, 642 patients were pathologically diagnosed with solitary lesion (SO group) and 73 patients with synchronous multiple lesions (MU group) at the time of the initial surgery. Results In the follow-up period, 15 patients in the SO group and 3 patients in the MU group were diagnosed as having metachronous cancer in the gastric remnant. The cumulative 4-year incidence rate was 1.9 % in the SO group and 5.5 % in the MU group. The difference did not reach the significant level by the log-rank test.
Introduction
Multiple gastric cancers have been known to arise in two different patterns: one is synchronous multiple cancers, and the other is metachronous secondary cancer, which develops after removal of the primary gastric cancer. When partial gastrectomy is performed for removal of the primary cancer, the metachronous cancer can be called remnant gastric cancer [1] [2] [3] [4] . It has been reported that the incidence of metachronous gastric cancer after partial gastrectomy for early gastric cancer is 0.6-3.0 % [1, [4] [5] [6] .
The incidence of synchronous multiple gastric cancers has been reported to occur in 5-8 % of surgically resected stomachs [7] [8] [9] [10] [11] . However, a comprehensive evaluation using serial sections of the whole stomach revealed that it was 13-15 % [10, 12] , which suggests a higher incidence of latent lesions in the whole stomach [13] . If the latent lesion cannot be detected by preoperative examinations and is left in the gastric remnant, the lesion may arise as a metachronous cancer. In contrast, if the accessory lesion is located in the resected stomach, it can be pathologically diagnosed as a synchronous multiple cancer.
It has been reported that both metachronous and synchronous multiple gastric cancers are thought to derive from multicentric carcinogenesis and have similar characteristics [10, 14] . However, it is not known if the gastric remnant after partial gastrectomy for synchronous multiple cancer is at greater risk for metachronous cancer. If this is the case, an intensive postoperative endoscopy surveillance program should be implemented for this patient group to detect metachronous cancer at its early and curable stage.
There have been few reports comparing the incidence of metachronous cancer in the gastric remnant after partial gastrectomy for solitary and multiple gastric cancers [11, 15, 16] . Because these reports differ in their conclusions, it remains controversial whether it is higher after multiple cancer surgery. The purpose of this study was to clarify the incidence of metachronous cancer in the gastric remnant after synchronous multiple cancer surgery compared with solitary cancer surgery. For this study, we chose distal gastrectomy as the partial gastrectomy technique because it is the most common surgical treatment for gastric cancer [17, 18] .
Patients and methods
A retrospective database review of a consecutive series of 1,281 cases of gastrectomy for pathologically confirmed early gastric cancer from 1991 to 2007 in Shikoku Cancer Center identified 910 patients who underwent distal gastrectomy (Fig. 1) . Negative surgical margin was confirmed by pathological examination in the resected specimens of all these patients. Following surgery, it was recommended that patients undergo surveillance endoscopic examinations at short intervals, annually, if possible, or every 2-3 years as the maximum interval. Among the afore-described patients, 715 patients underwent such endoscopic examinations in Shikoku Cancer Center with a follow-up time of more than 1 year after the surgery and were included in this study.
Early gastric cancer, defined as that invading the mucosal or submucosal layer regardless of lymph node metastasis, was classified according to the Japanese classification of gastric carcinoma [19] . The resected stomachs were processed in the usual manner. Briefly, resected stomachs were opened along the greater curvature, placed on a wooden board with the mucosa facing up, and fixed with a 10 % formalin solution for at least 24 h. Several portions, including the distal and proximal stump as well as both main and sublesions, were sliced to a thickness of 5 mm and histologically examined. For exploration of multiple lesions, resected specimens were macroscopically evaluated before and after fixation, along with preoperative evaluation, using endoscopy and upper gastrointestinal studies.
Synchronous multiple gastric cancers were defined according to the criteria reported by Moertel et al. [20] ., which are as follows: (1) each lesion is histologically malignant, (2) each lesion is separated from another by the normal gastric tissue, and (3) each lesion is not the result of a local extension or metastasis of another lesion. If the depth of cancer infiltration is the same in two or more lesions, the one extending over the greatest area is regarded as the main lesion, and the other lesions are regarded as accessory lesions.
Metachronous gastric cancer was defined using the following criteria [4] : first, that curative surgery of the initial cancers had been carried out with adequate surgical margins (5 mm or more); second, that the secondary cancers were found distant from the site of the anastomosis or the suture line to exclude recurrent tumors; third, that the secondary cancers were detected by endoscopic examinations more than 1 year after the gastrectomy. For all the surveillance endoscopic examinations, careful observation was made of the mucosa of the gastric remnant. Any suspicious lesions were biopsied and examined histologically. Follow-up time was defined as the period from the gastrectomy until the detection of metachronous gastric cancer by endoscopic examination or until the last endoscopic follow-up, at which point data were censored.
Details of distal gastrectomy are described in the Japanese gastric cancer treatment guidelines [17] . The JMP 9 statistical software (SAS Institute, Cary, NC, USA) was used for all statistical analysis. The cumulative prevalence rate of metachronous gastric cancer was calculated by the Kaplan-Meier method and analyzed by the log-rank test. Pearson's chi-square test or Wilcoxon test was used to compare the two groups. The level of significance was set at p \ 0.05.
Results
Data on a consecutive series of 1,281 gastrectomized patients for early gastric cancer from 1991 to 2007 were analyzed retrospectively (Fig. 1) . The 715 gastric remnants after distal gastrectomy were periodically surveyed by endoscopic examination in Shikoku Cancer Center and were included in this study. Among those surveyed cases, 642 were pathologically diagnosed with solitary lesions (SO group) and 73 with multiple lesions (MU group) at the time of the initial surgery.
The clinicopathological characteristics of the two groups at the time of the initial surgery are shown in Table 1 . Patients in the MU group were significantly older and were more likely to have intestinal-type cancer upon histological examination. Although the MU group contained more male cases and more protruded tumors, these differences did not reach a significant level. The tumors of both groups were mainly located in the middle or lower third of the stomach because the patients underwent distal gastrectomy. We did not observe any significant difference in tumor size, tumor depth, node metastasis, and lymphovascular invasion between the two groups.
In the MU group, 65 patients had two lesions, 7 had three lesions, and 1 had four lesions. The median diameter of the accessory largest lesions was 7 mm (Table 2) . Most accessory lesions were intramucosal and of the intestinal histological type. The accessory lesions were also located in the middle or lower third of the stomach.
The median follow-up time from gastrectomy to the last surveillance endoscopy was 50 months (range, 12-193 months) in the SO group and 50 months (range, 12-216 months) in the MU group. In the follow-up period, 15 patients in the SO group and 3 patients in the MU group were diagnosed as having metachronous cancer in the gastric remnant. The median follow-up period of the 18 patients from initial surgery to the detection of metachronous cancer was 37 months (range, 13-149 months). They underwent curative resections by remnant gastrectomy (n = 8 patients) or endoscopic mucosal resection (n = 10 patients). The reconstruction method after distal gastrectomy in this study included Billroth I anastomosis (n = 617 patients), Billroth II anastomosis (n = 19 patients), and Roux-en-Y anastomosis (n = 79 patients). Metachronous gastric cancers arose in the gastric remnant in 15 patients after Billroth I anastomosis (2.4 %), in no patient after Billroth II anastomosis (0 %), and in 3 patients after Roux-en-Y anastomosis (3.8 %). There was no statistically significant difference in the prevalence rate among these three groups. Table 3 shows the clinicopathological characteristics of all 18 metachronous gastric cancers. Histologically, the dominant tumor type among these secondary cancers was the intestinal type. The majority of these patients had early stage T1 tumors (n = 16 patients), the remainder having T2 or T3 advanced tumors (n = 2 patients). Pathological lymph node metastasis was not found in any patients who underwent remnant gastrectomies. The cumulative 4-year incidence rate was 1.9 % in the SO group and 5.5 % in the MU group (Fig. 2) . There was no significant difference between the two groups by the log-rank test (p = 0.454).
Discussion
The characteristics of synchronous multiple gastric cancers have been well studied [7, 9-12, 14, 21-23] : patients with synchronous multiple gastric cancers were more likely to be male and older and more likely to have the intestinal type of early gastric cancer. These characteristics were also observed in our current study (Table 1) . With regard to tumor location, it has been known that multiple gastric cancers arise more frequently in the middle and lower than in the upper third of the stomach [9-11, 21, 23] . In addition, during whole stomach endoscopic surveillance after endoscopic mucosal resection for early cancer, the incidence rate of metachronous cancer in the upper, middle, and lower third of the stomach has been reported to be 17, 33, and 50 %, respectively [24] . These results suggest that the middle and lower third of the stomach have foci of multicentric carcinogenesis more than the upper third of the stomach. If distal gastrectomy is performed to remove the middle and lower third of the stomach, a very low incidence rate of the metachronous cancer is expected in the proximal gastric remnant. In other words, distal gastrectomy removes most of the foci of multicentric carcinogenesis from the whole stomach and reduces the incidence of metachronous cancer. We speculate that this is why the gastric remnant in the MU group failed to show a significantly greater risk for metachronous cancer in this study.
It has been well known that Helicobacter pylori infection in the gastric remnant after gastrectomy is associated with metachronous gastric cancer [25] [26] [27] . Now, Helicobacter pylori eradication is considered preventative therapy for metachronous gastric cancer [25, 28, 29] . In this study, the presence of Helicobacter pylori infection was confirmed at the time of the first surgery in 13 of 18 patients who developed metachronous gastric cancer. Because none of the patients received Helicobacter pylori eradication therapy after the first surgery, the infection remained in the remnant stomach in 10 of the 13 patients at the time of the second treatment. Therefore, among the metachronous gastric cancer subset, the Helicobacter pylori infection rate was 72 % at the time of the first surgery and 56 % in the gastric remnant. Because the median age of this patient group was 70 years, these infection rates were not very high [22, 30, 31] . However, Helicobacter pylori infection in this subset may be associated with the incidence of metachronous cancer.
It has been reported that Billroth II anastomosis is associated with gastric remnant cancer after distal gastrectomy for peptic ulcer because of duodenogastric reflux [32, 33] . In this study, the incidence rates of metachronous gastric cancers after Billroth I anastomosis, Billroth II anastomosis, and Roux-en-Y anastomosis were 2.4, 0, and 3.8 %, respectively. The incidence rate after Billroth II anastomosis was even lower than the others. We speculate that this is because the duodenogastric reflux after Billroth II anastomosis induces the primary gastric remnant cancer in the long term after benign gastric ulcer surgery, but does not induce secondary metachronous cancer in the gastric remnant after early gastric cancer surgery [33] . Fujita et al. [11] have reported that the gastric remnant after synchronous multiple cancer surgery has a higher risk of metachronous cancer. They also have reported that a combination of diffuse-type synchronous multiple cancers at the time of the initial surgery was a potential risk factor for metachronous cancer in the gastric remnant [34] . However, in our current study, all three patients in the multiple group who developed metachronous cancer had a combination of intestinal-type synchronous multiple cancers at the time of the initial surgery. Limitations of this study are the relatively small number of patients and the relatively few events in the MU group. Therefore, we need to increase the study size to further clarify a risk factor for metachronous cancer in future.
We have previously reported that male gender, elder age, submucosal invasion, and proximal gastrectomy at the time of the first surgery were independent risk factors for the metachronous cancer after early cancer surgery [4] . In that report, we recommended yearly or biyearly surveillance endoscopy for patients with any of these risk factors and every 3 years in patients with no risk factors to detect metachronous cancer at its curable stage. Because the gastric remnant after distal gastrectomy for synchronous multiple cancers did not show significantly higher risk for metachronous cancer than that seen after solitary cancer surgery in this study, we think this patient subset can follow our previous recommendations. In conclusion, the incidence of metachronous cancer in the gastric remnant is higher after multiple cancer surgery; however, the difference is not statistically significant.
